The lsa gene confers intrinsic resistance to lincosamides and streptogramins A in Enterococcus faecalis, probably by active efflux. The lsa-like genes of two clinical isolates of E. faecalis susceptible to lincosamides and dalfopristin contained mutations that produced premature termination codons. Revertant mutants were obtained by selection on agar plates containing clindamycin.
Resistance to lincosamides (lincomycin and clindamycin) and streptogramins A (dalfopristin, pristinamycin II, and virginiamycin M) that defines the LSA phenotype is intrinsic in Enterococcus faecalis. Resistance to factor A of streptogramins is responsible for the loss of synergism between factors A and B composing the streptogramin mixture (quinupristin-dalfopristin, pristinamycin, and virginiamycin) that explains the intrinsic resistance of E. faecalis to this class of antibiotics (3, 7) . Recently, this resistance has been related to the expression of a chromosomal lsa gene in E. faecalis OG1RF, which appears to be species specific (11) . Inactivation of the lsa gene resulted in susceptibility to clindamycin, dalfopristin, and quinupristindalfopristin, whereas complementation with a recombinant plasmid bearing an intact lsa gene restored resistance to clindamycin and dalfopristin (11) . The Lsa protein shows similarities to members of a superfamily of transport-related proteins known as ABC transporters. ABC proteins are capable of transporting both small and large molecules in response to ATP hydrolysis. Several characterized or postulated ABC transporters have been reported in staphylococci and enterococci to export antimicrobials belonging to the macrolide-lincosamide-streptogramin family (1, 9, 10) . The ABC transporter system requires two ATP-binding domains located in the cytoplasm that interact with two hydrophobic domains consisting generally in six transmembrane segments. The four core components of an ABC transporter can be synthesized as individual proteins or be fused into multifunctional polypeptides in a variety of combinations (6) . Conserved motifs that are used to define ABC domains have been identified in Lsa, i.e., the Walker A and B motifs, which are involved in the binding and hydrolysis of ATP, and an ABC signature probably involved in energy transduction (6) . Similar to the MsrA protein putatively responsible for macrolide efflux, the two ATPbinding regions of Lsa are fused into a single protein (9) . However, no transmembrane partner has been found associated with the Lsa protein and the efflux mechanism has not been proven. The mechanism of resistance to lincosamides and streptogramins A therefore remains incompletely elucidated.
Clinical isolates of E. faecalis susceptible to lincosamides and streptogramins A. Strains of E. faecalis UCN32 and UCN33 were isolated from urine samples. The isolates were identified as E. faecalis by API 20Strep (Biomérieux, Marcy l'Etoile, France) and conventional techniques (5). Antimicrobial susceptibility testing by the agar diffusion technique showed that the isolates were susceptible to ampicillin and low levels of gentamicin, and erythromycin and were surprisingly susceptible to clindamycin, lincomycin, and quinupristin-dalfopristin. Determination of MICs of clindamycin, lincomycin, and dalfopristin by the agar dilution technique (http://www.sfm .asso.fr) confirmed the susceptibility to these antimicrobials, which was unusual for E. faecalis isolates (Table 1) . Since certain enterococcal species such as Enterococcus faecium, Enterococcus durans, and Enterococcus hirae do not display the intrinsic LSA resistance phenotype (2), identification of the isolates was questioned. However, identification of the isolates as E. faecalis was confirmed by amplification of a DNA fragment of the expected size, using primers specific for the ddl gene of E. faecalis (encoding a chromosomal D-alanyl-D-alanine ligase) (4) .
Sequence of the lsa-like gene of isolates. The analysis of the sequence of the lsa gene of E. faecalis V583, obtained from The Institute for Genomic Research website at http://www.tigr .org, allowed us to design four pairs of primers to amplify overlapping DNA fragments (Table 2) . A DNA region of E. faecalis UCN32 and UCN33 and of the reference strain E. faecalis ATCC29212 (resistant to lincosamides and streptogramins A) that included the entire lsa-like gene and 436 nucleotides upstream was sequenced in both directions. The predicted Lsa sequences of E. faecalis ATCC 29212 (GenBank access no. AY225127) and E. faecalis V583 were nearly identical except for five substitutions (Fig. 1) . In E. faecalis UCN32, in addition to a few substitutions, deletion of an adenine was detected at position 618 (base relative to ATG), which generated a stop codon four nucleotides downstream. In E. faecalis UCN33, a G-T mutation at position 987 produced a stop codon. For both strains, the mutations would lead to a premature termination of the LSA sequence before the second Walker A motif for E. faecalis UCN32 and before the second Walker B motif for E. faecalis UCN33 (Fig. 1) . Our work suggested that the loss of only the second Walker B motif was deleterious to the function of LSA.
Selection of revertant mutants. Approximately 10
8 cells of E. faecalis UCN32 and E. faecalis UCN33 were spread onto brain heart infusion agar plates containing 20 g of clindamycin/ml and were incubated for 24 h at 37°C. Resistant mutants were obtained at frequencies approximately equal to 10 Ϫ6 . Three mutants derived from each parental strain were selected and were further studied. All displayed an LSA phenotype (coresistance to clindamycin, lincomycin, and dalfopristin) ( Table 1) . lsa sequence analysis in the three mutants, UCN32-1, UCN32-2, and UCN32-3, derived from E. faecalis UCN32 showed an insertion of an adenine in place of the deletion in the parent strain, which restored a sequence iden- tical to that of E. faecalis V583. In the mutants from E. faecalis UCN33, the stop codon (TAA) was changed to a glutamic acid codon (GAA) in mutant UCN33-1 or to a glutamine codon (CAA) in mutants UCN33-2 and UCN33-3. There were no differences between the MICs of lincosamides and dalfopristin for mutants (Table 1) . This study confirms that the lsa gene was responsible for intrinsic resistance to lincosamides and streptogramins A in E. faecalis. It also shows that clindamycin resistance is not always reliable as an identification marker of E. faecalis. Since revertant mutants resistant to clindamycin were readily obtained in the presence of this antimicrobial, the use of clindamycin should be discouraged in the case of infection by clindamycinsusceptible E. faecalis.
